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Abstract 
Setting aeration facilities on the discharge structure in the dam to make the gas in the flow , is a common used method 
to reduce erosion damage to the building today. Based on the feature of the discharge structure and considering the 
types of the ventilation facilities and air-intake system , this paper simplified a model for project to analyze and 
established  the corresponding mathematical model. With ICEM/CFD software the finite element model was generated. 
Using the commercial software FLUENT to do the flow state analysis, it obtained the velocity of the aerated flow and 
the pressure distribution. On the basis of the simulation of the single characteristic diameter bubble flow, it gave a 
contrast and analysis to the range of application and the differences of accuracy between the SIMPLE and PISO 
methods.  
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1 Introduction 
Cavitation erosion is a kind of damages in the hydropower buildings which often occurs. The aeration 
facilities are often used  to reduce the burden of the dissipation facilities in the downstream, which is a 
widely-used technology  in the hydropower project [1]. However, the cavitation mechanism is very 
complex. It is not only affected by the hydrodynamic factors, but also related to the material properties or 
many other factors. For the common hydraulic materials, the causes for cavitation damage is mainly due to 
the impact fatigue and the erosion stress on the solid boundary , which is caused by the shock wave and the 
tiny jet flow generated in the process of the collapse of the bubbles[2][3]. 
  This paper used ICEM/CFD to generate the finite element model for the aerated flow and large general 
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computing software FLUENT for the three-dimensional numerical simulation. According to the philosophy 
of  reducing the erosion in the aerated flow, it carried out the flow regime analysis . 
2  basic principle 
  The Mixture Model relies on the relationship between two-phases or more phases. In one control 
volume(CV), the volume fraction, Į q and Į p can be any vaule between 0 and 1 .[4] Not only can the 
model simulate the problems of uniform multiphase flow, but also simulate every phases flow at different 
speeds. 
  Usually,the continuity equation, the momentum equation and the volume fraction equation for each phase 
are usually used when the Mixture model is adopted.[5] 
  The Continuity Equation is used for the Mixture model: 
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kD  is a k-phase volume fraction, 
m  is a mass transfer due to cavitation. 
  The momentum equation of the mixture model can be obtained by the sum of their momentum equation 
for all phases . It can be expressed as follows :  
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In the formula above, n  is the phase-number , F
K
is the volume force, mP is a mixture of speed. 
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The second phase volume fraction equation is: 
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3 Computational model 
Generally, because of  high-head water and the high velocity under certain conditions, aerated flow often 
occurs in the places which are steep slopes, shore spillway, the spillway of open channel, spillway and 
water pick stocks, the inlet at bottom and the gateshafts etc.[1] Because of the complexity of mechanics 
characteristics, the various types of ventilation facilities and intakes system and the complexity of their 
structre(as shown in Figure 1 and Figure 2) ,it is difficult to analyze the aerated flow. Therefore, combining 
with the engineering, from the point of practicality and effectiveness, the complex models of engineering 
was simplified. The ventilation facilities which is used for erosion reduction is a simple but popular 
application. It has a enation on the bottom board, which is called vent groove mixture type.(as shown in 
Figure 3). With the advantages of existing commercial softwares, the finite element model was generated  
by ICEM CFD. Using the commercial software FLUENT to do the analysis of flow state, this paper 
analyzed the velocity of  aerated flow and the nephogram of the pressure . 
  
Figure.1 Types of ventilation facilities             Figure.2 The type of air intake system 
Considering the requirements of the wall function for the computing grids, the unstructured mesh of 
hexahedral body is used.The model is divided into a total of 202090 elments, 625969 areas, 222180 nodes. 
In the near-wall layer, the thickness of the first layer is taken as 0.002m, then the thickness of the second 
layer is taken 2 times as the first layer, so do the other layers. In order to capture the free surface, the 
meshes in the vicinity of the interface between water and vapor are encrypted, as shown in Figure 3. 
This paper uses the k-İ standard model in the multiphase mixture model for simulation. The reasonable 
standard wall function with no-slip velocity is also adopted. The momentum equations in second order up-
winding discretization scheme are chosen. The standards of the residual control for all parameters are taken 
as 0.001 and the vaule of bubble diameter is 0.001m[5][6]. The SIMPLE method is used to calculate while 
the PISO method is taken to check. 
 
 
Figure 3  Computational grid 
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4 Results and analysis 
For the computational geometry model, the boundary conditions of water entrance is taken as the  
velocity of 20 m/s; The boundary conditions of air entrance is treaed as the velocity of 14 m/s ;The 
boundary condition of exit pressure is fixed, which is taken as an atmospheric pressure[5];The other 
boundaries are considered as the boundary of solid wall. The nephogram of speed and and the pressure 
nephogram with the SIMPLE method is shown in Figure 4 and Figure 5 . 
 
Figure 4  Speed cloud                                    Figure 5  pressure contour 
The nephogram of speed and and the pressure nephogram with the PISO method is shown Figure 7 and 
Figure 7 . 
 
 
Figure 6  Speed cloud                                   Figure 7  pressure contour 
From Figure 4 and Figure 6 it can be seen that when water flows through the discharge structure, the 
water phase is affected by the friction force of wall ,so the trend of flow velocity is gradually 
decreasing .When the water flow meets with the air flow at certain rate, the trend of flow velocity is 
increasing near the air entrance. But the duration is very short, and the phenomenon has been alleviated. 
The velocity of aerated flow almost comes back to the velocity of pre-aeration tank, which is developing 
the trend of relative deceleration. Especially the flow velocity near the bottom floor behind aeration tank 
declines sharply. It is good for reducing erosion and damage of water flow for the bottom floor. 
Figure 5 and Figure 7 shows that after mixed with air, the pressure in the discharge structure is 
significantly reducing so that it forces the whole presure field to descend. But in some local parts of the 
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aeration groove, the pressure is relatively large. The reason may be that the aeration is not enough in the 
water surface while the foced aeration at the bottom diffuse slowly, which forms an aeration blind zone. 
 Figure 4 and 6 shows very similar fundamental law with the Figure 5 and 7. However, the results on the 
velocity nephogram and the pressure nephogram by the SIMPLE method is more closer to the experiment 
results [5] [7]. It suggests that when doing the numerical simulations with the two fluid model for the 
pressure and velocity of two-phase fluid , the calculation result with the SIMPLE method is more accurate 
5 Summary 
The method used in this paper simplifies the mechanics of the complex two-phase flow. The approach 
considers the diameter of the bubble as a factor which affected the slip velocity, which has its 
shortcomings.This directly causes the differeces between the simulation and the real project. .But, overall, 
the three-dimensional calculation has already reflected the flow objectively well. What¶s more, good results 
are also achieved by the simulation for two-phase flow of water and vapor. 
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